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*UB~=CT. The Radiation Environment 
Inside EGO and Poco 

A previous memorandum (8100.2-73, The Radiation Pnvironnmt of EGO and 
Poco - J. W. Lindner and T. A. Farley - April 20, 1961) described the radia- 
tion e n v i r o m n t  over the orbi t  of the M30 and POGO satellites. The purpose 
of this  memorandun is t o  use the data fram the previous memorandum t o  calcu- 
late the radiatio2 dosage received by components i n  t h e  i n t e r io r  of these 
space c raf t .  

The exact calculation of t h e  dosage a t  a particular point inside the  
spacecraft is an extremely d i f f i c u l t  task since it is  necessary t o  take 
account of absorption e f fec ts ,  scattering, production of secondary radiation 
(bremsstrahlurrg X-rays), and shadowing of a point by an array of irre@arly 
shaped boxes. 
r e a l l y  cecesgary or eveil j u s t i f i ed  i n  this case. 
cer ta in  by as a c t ,  as one or two orders of magnitude. 
order of msgnitude of the in tens i ty  is required t o  evaluate most of the radi- 
a t ion  e f fec ts .  

Eovever, it is f e l t  t h a t  such an exact calculation is not 
The i n i t i a l  data is  un- 

In addition, only the 

Tbe calculations carried out in this memorandum give the radiation dosage 
as a function of shield thickness. The shield thickness should be considered 
t o  be the minimum mass of material between a particular component and the out- 
side of the spacecraft. The calculations have been carried out for an a l a -  
-1um shield. 
aum - t ha t  is the same mass thickness (gm/cm2) of any l ight  element w i l l  provide 
the  same amolnt of shielding. 
but not by much more than a fac tor  of two, 

Most l igh t  elements (U(30) may be considered equivalent t o  aluml- 

Heavier e lemnts  are somewhat more effective,  

Damage thresholds of most materials are usually tabulated in terms of 
total energy absorption within the material. 
erq?/grn and Roentsn (R). 
i 6 l  R = 100 ergs/-. 

The most commonly used uni t s  are 
A convenient conversion factor between these un i t s  

Other terms often used are REM (RoenQsn equivalent massj, REP (Roentgbn 
equivalent physical), and RAD. 
be taken as equivalent t o  RoenQ?n. 

Far OGO design purposes, these units may all 

A. 

The t o t a l  flux of protons as a function of energy upou t h e  ECO and Poco 
ppacecraf't is plotted i n  Figures 1 and 2 respectively. 
i n t e g r a l  proton f lux  - that  is the t o t a l  number of protons with energy greater 
than E - as a function of energy. The range of protons i n  aluminum is p lo t ted  
in Figure ,3. 

These curves p l o t  the 
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sa/cm2 In. Al* BGO WGO 

0 0 ,105 > lo2 

.068. . 010 105 lo2 

0 3 4 0  .050 6 x lo3 < lo2 

6 
TO within about a factor of 48 a flux of 10 protons/& w i n  produce a 

dose of 1Rantgen in most materials. 
annual dose fiam protons as a function of shield thickness is nLven in Table 1. 

Using this approxination, the total 

I *- 

1.020 

1.360 

1.700 

Due to the uncertainty in the total  flux 

loo 103 4 lo2 

.150 < 103 < lo2 

.zoo e 103 < lo2 

. 2 5 ~  < 103 < lo2 

results 

. Shield Thickness Total Annual Dose 

are probably only accurate to an 

( R / y r )  -Protans 

TABLE I 

(especially for lov energies), these 
order of magnitude. 



B. ABSORPTIon OF ELECTRONS 

Shield Thickness Total Annual Dose (R/yr)-Electrons 

a/= In. ~l EGO POGO 

0 0 10 8 105 

.068 .010 5 105 3 x 10 

340 .050 2 x 10 4 (103 

D 6 8 0  . 100 2 103 < 103 

1.020 150 103 < 103 

1.360 200 4 103 103 

1, 700 .250 4103 103 

4 

. 

Electrons will lose energy by two processes: ionization and radiat ion 
(bremsstrahlung). !the exact calculation of the radiat ion dosage unrier a shieiG 
irradiated w i t h  electrons of various energies is  a very complicated problem. 
However, since there  is an uncertainty of one t o  two orders of magnitude i n  the 
Incident flux, it is reasonable t o  use approximate calculations. 
processes will be treated independently although they are v e 4  
much related.  This treatment is only valid since most of the electrons have 
energy less than 200 kev. 

The two 

Figure 4 IS a p lo t  of the range of electrons in slwninum as a function 
of energy. 
are p l o t s  of the calculated annual electron flux for EGO and POGO, 

7 2 Over the  energy range of interest ,  appraximately 1.5 t o  3 x 10 electmns/cm 
w i l l  cause ti dose of 1 Roentgen. Using t h i s  re la t ionship and neglecting s c a t t e r -  
ing, shielding by other units within the spacecraft, and radiation, the t o t a l  
annual dose fran electrons as a function of shield thickness is tabulated in 
Table 2. 

This curve is valid for all light elements ( a  < 30) Figure 5 and 6 
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Shield Thickness 1 @l/cm2 In. Al 

l o  0 

,068 . 010 

340 .050 

.680 .loo 

1.020 .150 

1.360 .200 

1.700 .250 
I 

c. SECONDARY X-RAYS 

Total Annual Dose (R/yr)-All Sources 

I EGO 

lo8 105 

4 6 x lo5 3 x 10 

103 

4 103 103 

2 103 103 

103 103 

< 103 103 

4 3 x 10 

I 
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For the electron energies expected to  be encountered in the EGO and Poco 
~ssivee, appru-*+lj- 0 * ------A. -0 Al.- -1 - rC- r"  a-a-m, 7-4 1 1  he M n v o r + P A  *A. YSLLSIICI V I  CIA&= S & ~ . C Y I Y U  ~ A A C - W  I&- ---.-- --- 
into X-rays. 
electrons. 
caarplete conversion occurs a t  a depth of .Os5 gm/cm2 of 8l-m (.810 in.) 
and tbat the average energy of the radiation is 75 kev. 
deliberately chosen t o  be higher than the average energy of the electrons t o  
correct for scattering and X-Ray production deeper in  the shield. The t o t a l  
a ~ u a l  dose from Secondary X-rays is approximately 10 R / y r  nearly every- 
where inside the EGO spacecraft and is less than 1 R/yr inside POCO. 

This conversicn process occurs throughout the range of the 
For the purpose of +his calculation, it has been 8SSUUed that the 

The energy figure is 
. 

3 

The total annual radiation dose for canponents inside the EGO and POCO 
spacecraft from all sources is tabulated in  Table 3. The uncertainty on a l l  
numbers should be taken as plus or minus a factor of ten for design purposes. 

1 

0. C O N C I I O N S  

The b t a  presented i n  Table 3 may be used t o  estimate the possible 
redlation damage t o  components other than transistors and solar cells.  
The following conclusions may be made: 

1. 
!lZFWIJ. 

The only questionable material for  use within the spacecraft is 
The integrated annual dose i n  the EGO spacecrah may be sufficient t o  
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CwBc measurable damage. 
camponent, it is suggested that damage tests be carried aut 011 that camponent 
to determine if the radiation damage will significantly degrade its operation 
i~ +&e f k v t j n n  It v t l l  perform within the spacecraft. 

If its use cannot be avoided in a particular 

2. It is suggested that the data presented i n  a pmvious memorandum 
(8100.2-58 - Materials for Use in the Radiation Environment of OGO - J. W. Lindner - 
March 30, 1961) be used to choose electrical components for use on the outside 
of the spacecraft (e.g. wiring to boom experiments, connectors, etc.). 

kk0 Assistant Program Director 


